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Inbrafuction

The vvilizebion of technoliogy in products or processes beyond
the scopes of the original development effort can be considered
“technology tremsfer”. Selected examples of this transfer may, in
retrospect, appeayr a8 seeningly wceomplicebed events spurred by mere
commnn sense or loglcal extension of the initial ides; yet svoileble
evidence indicabtes thet the process of technology transfer is in fact
complicated end tedious. DBecauvse of s widsspread inberest in spseding
economle growbh through technologiesl development, aud the paviiculer
foterest of the ¥aticnal Aevomautics and Bpace Administration in
Pogtering commercial adoption of the zreat body'of technology developed
during the course of resesrch associsied with {the space effort, we
have snslvezed closely o number of instances of guccessful technology
“rengfer. Uur hope is thet in s growing body of such case studies

will be found clues eg bo the eriticsl vavisbles in this process.

f@% this study was provided by the Nm&imm&i
ace Administration under HER 35-022.000

gful o pereosnel of bthe Corning $lass Works for their
nued cooperation in our research efforts.
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The foliowing cvase was selected from among many we have encoun~
tered bacause of the general applicability of the principles which it
illvugtrates., First, technélagy transfer vhich results in & nev pro~-
duct iz a complen process which requirss a comblnstion of factors
inclvding tedious development work, imeginative individuals, and luck.
The finsl product is ept to combine individuel, but diverse, links of
technology, each one of which is necessary Tor product feasibility.
These links heve probably originated from & number of different gources.
In the developmend prooess repovbed below, we can identify the use of
bechnologicel Informastion dewiwved from the Pollowing sources: an {nven-
bion by the subject compsay some 50 yeays previcus and widely used in
company products; a prodect improvement announced by & materials
gupplier et o crucial poind in the development stege: a8 new process,
previously developed by the RED depertment, which wes never used bub
weintained “on the shelf¥; end geversl eccmmercislly-availsble naterials
234

Lgcorered through the vse of vendor cebaloguess sad & materisls infor-

mebion service o vhich the cowpeany subsoribes.

The secoud prineipls polnt vhich enmerges from the case anslysis
ig thet even when bhe development of & carefully-engineered, sconomi-
oaliy-fessible prodvet hes besn ecmpleted, a well-plansed mayketing
progren iz yeguired 17 the product is to be accepted and thus conbtri-
bute bo company profits ard nabtionsl sconomic efficliency. While the

inmpovrtance of marketing to produst svecess is generally recosnized, it
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assumes dominent imporvence iu the complex, ssmi-public merked for
acid-waste Grainiine, vhere the phenomencn of "institutionsl drag”
serves to inhibit new-product introduction and thus siov the process

of technology transfer.

Acld-waste drainline bhackeround

The Corning Glase Works, wvhich ranks sbout LOOth emong U.8.
covporations in annusl sales, produces & wide range of glasgs products.
One of its recentiy-added industrisl lines is Acid-Waste Drainliive, ma@e

®

from ?yfex brand gilsss, s chenical~ snd heat-resistant materlsl. Drain-
live is purchesed by mechunicsel contractors for installation in bulldings
which house chemicsl lebovetories requiving sinks for the dispossl of
all kinds of acids. Examples of such bulldings include high schools,
college lsborsbordes, hospitals, and industrial or govermment research
labs. The regulvement is for & drain installation which will carry the
corvosive wastes to a place of recovery or hermless digsipstion, outside
of the building.

Until the iatroduction of gl&ss‘byvCarning'a»speciai type of cast
iron with g high silicon contewt wes widely used for the drein irstslla-
tiong. Cuwrently, gless bzs & major share of the merket. Covnivg is
the priveipasl supplisr end one competitor, Oweis<~Illincls, has emnerged
in the glass drainline market. The highmsilieon content cast iron ie
supplied now by one m&jﬁr.firm since the sscond supplier closed itz plent

in Januery 1968, Although we have not studied the withdrawsl of this
S :



second supplier, 1%z plant closing offers testimony to the competitive
success of the Corning produet.

Chemicel end hest resistant gless was developed by Corning in
1912 expressly o solve hest-shogk problems on rallread signal eguip-
ment. Thisg then, is the fifty-yesr old technology which was widely
used in other corporeite product lines. In 1015, it was adapted to eookm
ware, in 1919 o labware, smd in 1922 to pipes for %he chenicali-procesging
industry. The basic patents have expired, but the brand pame ”Pyrexa“
is copyrighted and owned by the Corning Glass Works. Major featurves of
this glass are that it is highly resistant %o sudden temperature changes,
is corrvosion resistant, snd Is not easily shattered,

Prior o 19586 Cormning’s conbact with the problem of acid waste
dispossl was in connection with Pyrex installations for large commercisl
and industrisl lshovetories end photoengraving plants. These drainlines
weracougton essenbled from gtendard glass pipe end Titting components ale
ready used in the chewlcsl industry. plus a few flttings {traps, eibovs,

%

ete. ) ndded to the standevd line. The severe service conditions inm such
feoilities justiflied the higher initisl cost of a custom glass insballation,
in comparison with the speclal cast iven, because of its clear Sﬁpericri%y
in scid wvesistance. ITun conbtrest, the more normal laborabory conditions

in szchools and hosplisls favored the high-silicon iron on & lifebime-cost

bagis.

Corning repregsenitatives cccasionally bid on such normal jobe and



were sometines suecsesful., Bubt Corning's mearket penetration was slight.
In sddition o the higher cost of the custom installetion, additional
barriers to wldespread usage existed in the form of widely—accepied
practices among architeclts and dasign engineers for public buildings.
These prectices reqyiredyﬁhe getbing of specifications in such & way
that more than one supplier could compete fbf the Job. Thus, if & cug-
tom installation by Corning were 4o be specified meny procedural problems
would arise for the archibtects. the condractors, and the organizsation
contracting for the construebion.

In the spring of 1958, the marketing manager of the industrial
profucts department, which gells glass pipe and related equipnent to the
chemical Infustry, was on & rvoubtine eusbomer visitetion tvrip with one
of Coming's fleld representabives. They wevre concerned with some tech-
nical problems not relsbted to the acid wasbe problem. The representetive,
EN%W??%?B had just recently tried o sell Comping’s custom drainliine instal-
lation and h&ﬁ{b@@a iopressed with the exbhreme aifficulsies of making
such seies., He, sccordingly, challenged the mavketlapg mensger to epply
his talents %o the tochnicel desisn of & generally maﬁke%&bi@ drainline
instellation. This was the inibtiel stimuluvs to the development of the
new produch.

The reported difficulties in warketing Corning's custom installa-
tiong for seid waste disposel in ﬁhemi@al'labs were verified. Thexn.

Corning’s morket resezrch depsritment prepeved s market survey to dstermine



the sales pobential of a glsss product which would be competlitlive
with high-silicon ivon. Once 1% wes deteymined thet a potentlally
profiteble mavket did exist a declsion wes made to uwndertake the indi-

gabed development work.

The Developuent Protess

The first sitep in the &evei@gmem: work was bto esbabiish product
griteria, folilowed by genevsl specifications of performence sand installa-
tion chavacteristies. Thus, Corning wented a product which ecould be
installied in the field by plumbers rvegulariy engaged in bullding cone
struction; they anticipsted some resistance by plumbers to s new product
but Peit this could be overcome a8 long as plumbers® skills were re-
guived. Also, the installed drgin had to withstand a sufficiant emount
of pressure to mset the wmost atringent bullding codes. Finally, the
salss price was require& ﬁ;e be competltive with that of the alveady used
high-gilicon iron, and the mergin and return on luvestment to Corning

were required to exceed winimum corpormbte sbanderds.

1% wes realily determined thet the piping could be mede from Pyred
brand glass with s well thickness adeguate to meet the pressure reguive-
ments, Cost estiunates showed thet the plpe could be manufactured within
the vost apd price vegquirewents; i.e., on a lineav-foot basis the pipe
could be sold ab the geme ;Qrice 28 the special cast-irmn pipe end retuwn
more than the reguired mevgin., In fact, it was estinmated that menulfeg-

turing dirsct cogt of the high-gilicon ivon pipe was gresbter than that of
4 P
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the gless, thereby affording smple protection to Corning should s
prive war devel
One technical problem concerned the molding process for the pipe

@&

Pitbings required wolding capabllities beyond those heing used on stan~

fittings--elbovws, tees, sxd so fordh. The specifications for Fyrex

derd industrisl product lines. The problem was veferved to the corporate
research and development depavtment. Here a process originslily developed
gome yvesrs previous for the a@n@ﬁ@@r dinnervare line, snd nevey used
theyre, was found suiteble. Thus indternal technology meinbeined "on the
ghelf" provided a ready apgwer to o eritiesl problem and a Link in the
technology trensfer chaln. '

The key bechnical problem Yo be cvercome required s device oy
process whereby the stendard glass pipe secbions could be couwpled to-
gether on the constructlion site by regulariy-ilcensed plunbers. It
was 8lso necessary to include in this coupling process a method of
eutbing stenderd longtha of pipe for sheriasr, bubt regulred lenzbhs, and
& method of installing s bead on the cut end of the pipe.

The problem wes turned over to a design engineer ln the Product
Developunent Depariment. Hizm insbtructions were to develop a solution
which exploited the techpological superiority of glass in conducting
geids. In effect, this instruction requived that the joining mechanism
be as durable ag the glazs. This objective wasA%o be aschieved within

the sconomie constraints previcusiy noted.



The uibtimate solusion ¢ the problenm wae a coupling vhich com-
bines bthree different meberisls in z wigue way. The inver part Ils s
bracelet-1lke c¢ivele of Teflon® with en inverd-projecting clireular
flenge centerad so as Lo serve &8s & pressure-proof gaskéﬁ for the ends
of the two pileces of pipe beling jolned. This Teflon gaskedt is in tura
surroended by a gleeve of rubber extending beyond the Teflon. Finally,
a pemi-ninged band of sbainless steel encloses the mibber sleevs. A
bolt-and-nut syrangement on the bank permits the coupling to be bishdened
firmly in place. A prervegulsite to %he feasibiliﬁy of this coupling
was the presence of an enlargement {or bead) on the ends of the pipes
t0 be joined. A machine for cubbting the glass in the field snd for

heating 1% so thet g bead could be molded on had %o be developed.,

Cholee of waberisls

The markebing mensger inltielly suég@@%eﬂ to the design enginesr
that Telflon waz & potentisl waterlisl Tor use in the inner gasket, It
had been used clsevhers in Corning snd was kunown 4o be seld-resistant
88 well as durable. For eightezen months the enginser sbtempied o
develop & proceszsg for sheping the Teflon inte the desired form witbould
suoeeding the noterisl’s cost copsbraintas. He meb with 1ittiz success.
A% this point & new varisubt of Teflon {PEP} was wmade availeble by DuFont.
Experinents vere tried on the new materisl and it proved to have the
properbies which permitied 1t to be shaped as desired. Thus, ney tech-

nology {in the form of o new materisl) developed by & supplier held the

3

¥ Reg. trade marvk of Duffont.



key prcblem soluticn.

The need for a mzberial to cushion the lumpsct of the oubeyr mebal
golier wes Obvious. The problem was o find s madterial which would nob
deteriorste significantly over time. The sughioning proverties of
rubber weys obvicus, but the lack of durebility of the move common types
wus & dravback. The epeecisl rubber compound Tinelly selected hod the
- required cushioning properties and was also resistent to acld fumes,
hegt and other corrosive elements in the alw.

The metal to be used for the outer collar had to resist rusgt and
cther types of corvosion, snd sdditionally be sufficlently strong o
caryy the welght of the pipe 88 well g to maintaln the required preg-
sure on the gasket for a "Lifebime.” Sitainless steel was chosen because
it satisfied the vequivements. On doth the selection of the special
rubber eompound and the perbticuler type of stainless steel, Corving
gngineers veferrad bo both vendor cataloguses and o conmercial meberials

informabion servics.

Subgeguent vroduct improverents

The history of Corning’s acid-waste drsinline since 1%s intro-
duchion to the merkst in 1260 haes besn one of sucecess. There weve many
problems 0 be solved, wot all technicsl. Thus, plumbing codes had to
be podified in most syees to permlit its use. Training of plumbsre to
uzse the spsclial eguipwent necessary for the glass(insﬁallatian hed o

be seeompllizhed in the fece of their inltisl relucitence to work with glass.
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In fact, the dsvelepwment of the mechines 40 be uged im the field %o
provide the eutting sud the beadlung of the gleoss had to be cerrisd oub.
Iz 1963, competition developed from snother glass manufschurer, Owens-
Illinods. Sinece cne producer of cast ivon pipe left the fleld in
Janvary. 1968, there remsins but one major supplier.

As Corning penetrated this markéﬁ a need developed to simplify the
fileld Fabrication of odd lengths of pipe. The cutting aud beading
machines were gatisfactory., bub mearketing perscounel reporied that ssles
would benefit from a Tester and gimpler jobsite fabricstion technigue.
This problem, with definite cost and performence criteris, was given to
the development department in 10985,

The technical problen centerad on the heating and cooling associated
with putibing the bead on the cut plpe in the field. Among other things,
ineorrect cooling could put the pipe in a condition of stress which might
vrezuld in breskege. There was no Toolproof method of asguring that the
instaliling pluwber wcﬁiﬁ gxert the necessary care. Adequate cosling
raguired weitivg time which, if nob ueed productively, xaised igbor costs.

It was elesr that an eesier process for enlarging the end of the
cwd plpe would both asgure the guallty of the installation and reduce
sales reﬁiéﬁamcea Once azain a search for appropriste maberisls was usde.
Bventually, @ bead subsititute in the form of a ecollar made of Tefion with
an atbached band of stainless éte@l was developed., This collay ig Pitted

to the end of the cut gless pipe and erimped tight with a pair of pliers.
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The metal bend iz bonded o the glesss with & specisl sdhervent materisl
which vegulres the spplication of heat, provided by & speclally-designed
heater inserted indo the pipe.

The use of the gbove desoribed device mskeg the old glass beading
process unnecessavy. However, the proecess still requires the use of
heet in order to "set” the mastic in a permanent ssal. There 1s & need
for a mastic which is permanent but which does not reguire heat. Devel-
opment work continues om the process. A major cobjective of this seareh
is %o reduce or maintain the costs to Corning but et the zame time pro-

duce & move easily used and thus more markebeble product.

Markebing: Problems and Resolution

By exemining the marketing problems faced by Corndng we gain in-

]
e

ight

5,

into the real obsbtacles which often serve to slow the technology
trenzfer procesg. Throughous the design and development stage product

engineers were consbtrained by & early marketing decision that the finsl

2]

ystem be price competliitive with the silicon-iron pipe. It was doclded
+o sell the fittings {elbows, tees, and so forth) st the seme unit prices
a8 the high-silicon iros fittings, bub the pipe was priced lower. The

hovever, requires couplings wheve the other system does

o)

not. Thus, cost of moterials wder the glass drainline system iz higher.
Desgpite the dursebility and other product advenmbages of the glass
gysbem, Corning's markebing persommel determined st an eariy stage thas

5

it could be so0ld %o mechanical conbtractors only om the basis of a cost
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savings. Thus sales presentations emphasize the lower installed cost

which resuits from labor savings of up to 50 per cent.

These savings arise because of the amount of time required to
install cast-iron pipe. Xach joint must be leaded, a time-consuming
task:; and since the weight of the pipe dictates shorter lengths than
those of gless, significantly more joints are required. The lower weight
of the glass slso permits the use of fewer pipe hangers, and hence pro-
vides further lshor and materisl savings.

" The selling point for gless dyainline is thus that the extra cost
of the required couplings is wore than offset by the labor economies of
ingtalling glass pipe, as opp@sed'to iron. Sales training materiasls are
designed 1o tesch Tield personnel how to compute and illustrate these
economies.

Although Corning determined early how %0 sell its new profuct, the
focus of the seles effort (who had to be sold) was, and remeins, unclear,
The drainline market is representative of s complex, public-industrial
market, influenced by a grealt number of interest groups. in which the
léﬁus of decision-meking (purchasing) suthority is not clearly known
b0 the seller, sad mey in fact vary with each potential customer. In

these markets technology transfer which results in the success of a new

product cen only be achleved if the product’s wmerits are brought to the
attention of all relevant intsrest groups.

By way of illusiration, if o university is constructing s new che-

.. mistry leb, ell of the following parties may requive convineing presen-

-tationg regarding the suitability of glasg acid-waste drainline:
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3. Plumbing vholesaler:;
2. lMechanleal conbtractors:
3. Ceneral contrachors:
4. Owmer {(iniversity), including possibly each of the
following subgroups:

&, bullding committee

b. bulldings and grounds'® personznel,

¢, business mansger,

d. chemistzy professors:
Architect; '
Mechanicsl engineer {who writes the specifications);
Local and/or state building code authorities:
Leboratory furniture manufeacturers.

O 1 G\‘;"!
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Some of the ground work must be done far in advence, perhansg
several yvears, of the actunl sale. Ubviously a locsl plumbing whiolesaler
must have agreed to carry the line 1f it is to be avelilable for purchase
by the mechanical conbtractor. The.actual sale by Corning is to the
pilumbing vholesaler through o meanufaciurer's representative. Before
agreeing to carry the line, the plumbing wholesaler is likely to requirve
assurance from loesl pluwbesrs thet they will instell the neﬁ product,
so thet an sdéiticonal intsrest group might be added to the list.

The manufacturer's rvepresentatives task iz, thus, not confinsd &0
selling to wholesalers. He must keep asware of new building plans within
his territory and see to it that all concerned parties ave aware of the
sysbem and its capebilities. If the specifications of a particular job
call, for exswple, for high-silicon content cest iron drainlins, the
sale of glass is virtually precluded; so the mechanigsal engineers must

be convineced of the logle of writing performance specifica’ions.
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Although it mey be powsgible for the mechanicsl contractor to
adopt Pyrejgldrainiine after winning the bid, in many csases he must

specify tha type of meberial to be used in advance of the conbract

sward. This may require thal eight or ten potential contrasctors be
contacted in advance of the competitive bidding.

In theesrly sbages of PyrexR draihline mayketing the priﬂéipal
obstacle to sales was the existence of building codes requiring ithe
use of the established cast iron drainline. Intensive effort on the
part of the network of wepresentatives hes succeeded in rewriting many
of these codes to allow the use of glass drainline.

It is clear, then, that markebting of specialty produecits in vhe
gelentific building construction industyy presents o complex probiems
and that new products mast overcome & serieg of difficult obstacles
before widespresd asccepbanse iz achieved. Careful long-renge planning
of marketing strategy is reguired if technology tramsfer is to sucoess-

fully overcome the "instituzional drag” vhich charsctevizes this industey.



